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LINE COUNT: 775 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 



AB 



Shape memory polymers prepared by copolymerizing two monomers, which 
each separately produce polymers characterized by different glass 
transition temperatures in the presence of a di functional monomer 
whereby the copolymer formed is cross-linked during the polymerization 
to form a theremoset network. The transition temperature of the final 
polymers is adjusted by the ratio of the monomers selected, to from 
about 20 to about 110° C, while the degree of cross-linking 
controls the rubbery modulus plateau. The shape memory polymers can be 
processed as castable formulations in the form of coatings and films. 
The copolymers are optically transparent and are useful as medical 
plastics. The invention also relates to the articles of manufacture 
thereof and methods of the preparation and use thereof. 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB A shape memory polymer contact lens mold is formed from a sheet of a 

shape memory polymer in a press, an agile tool or by an agile tool 
formed by an inert gas at a temperature at or above the glass transition 
temperature which is thereupon cooled to below the glass transition 
temperature and removed therefrom. 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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INDEXING IS AVAILABLE FOR THIS PATENT. 

The present invention provides polymers having any one of properties 



DOCUMENT TYPE: 
FILE SEGMENT: 
LEGAL REPRESENTATIVE: 

NUMBER OF CLAIMS : 
EXEMPLARY CLAIM: 
NUMBER OF DRAWINGS: 
LINE COUNT: 
CAS 
AB 



including affinity for metals or polar resins, impact resistance, mar 
resistance, heat resistance, rigidity, oil resistance, transparency, 
anti-fogging properties, electric insulating properties, high breakdown 
voltage, coating properties, low-temperature flexibility, moldability, 
environmental degradation, fluidity and dispersibility , and provides a 
process for preparation thereof. 



The olefin block copolymers (A-l) 
the formula (I) 



of the invention are represented by 



PO . sup . 1 - -g . sup . 1 - -B . sup . 1 



(I) 



(wherein PO.sup.l is a segment composed of repeating units derived from 
an olefin having 2 to 20 carbon atoms, g.sup.l is an ester, ether, 
amide, imide, urethane, urea, silyl ether or carbonyl linkage, and 
B.sup.l is a segment containing an unsaturated hydrocarbon or a hetero 
atom) . The olefin block copolymers are suitable for uses in adhesives; 
various molded articles such as construction and civil engineering 
materials, automobile interior and exterior materials, gasoline tanks, 
electric and electronic parts, medical care and sanitation materials, 
materials of miscellaneous goods, resin materials having environmental 
degradation properties, films and sheets; modifiers and dispersions. 



CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB A shape memory polymer which is a reaction product of styrene, a vinyl 

compound, a multifunctional crosslinking agent and 

an initiator. The shape memory polymer has particular application as a 
contact lens mold. 
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A device for closing off a septal defect including a polymeric 
self -hardening material in a specific conformation which is delivered by 
a catheter means to the area of defect either directly on the cardiac 
tissue or into a balloon which spans both surfaces of the defect, and 
hardened in-situ by change in pH or ionic concentration, organic 
solvents, by permeation of a secondary material capable of 
precipitation, or by exposure to heat, light or laser energy. In blood, 
the device may be hardened through photopolymerization or a cooperative 
effect of coagulation, precipitation or ionization. The device can be 



made of biodegradable material impregnated with growth factors, 
mitogenic factors or other determinants which can improve tissue growth 
such that tissue ingrowth can occur over a period of time. The catheter 
itself may be an ultrasonic imaging catheter. 



L2 ANSWER 6 OF 
ACCESSION NUMBER 
TITLE: 



INVENTOR (S) 



11 



PATENT ASSIGNEE (S) 



US PAT FULL on STN 

2000: 164598 USPATFULL 

Structures and fabricated articles having shape memory 
made from a-olef in/vinyl or vinylidene aromatic 
and/or hindered aliphatic vinyl or vinylidene 
interpolymers 

, Lake Jackson, TX, United States 
Webbers Falls, OK, United States 
Lake Jackson, TX, United States 
Lake Jackson, TX, United States 
, Lake Jackson, TX, United States 
Stewart, Kenneth B., Lake Jackson, TX, United States 
Sneddon, John, Santa Monica, CA, United States 
The Dow Chemical Company, Midland, MI, United States 
(U.S. corporation) 



Hoenig, Stephen M. 
Turley, Robert R. 
Cheung , Yunwa W . , 
Guest, Martin J., 
Diehl, Charles F. 



PATENT INFORMATION: 
APPLICATION INFO. : 



NUMBER 



US 6156842 

US 1999-265794 



KIND 



DATE 



20001205 
19990310 



(9) 



NUMBER 



DATE 



PRIORITY INFORMATION: 
DOCUMENT TYPE: 
FILE SEGMENT: 
PRIMARY EXAMINER: 
NUMBER OF CLAIMS: 
EXEMPLARY CLAIM: 
LINE COUNT: 



19980311 (60) 



US 1998-77633P 
Utility 
Granted 

Nutter, Nathan M. 
26 
1 

3835 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB The present invention pertains to structures and fabricated articles 

having shape/reshape behavior (and processes for their preparation) 
comprising ; 

(A) from about 1 to 100 wt % (based on the combined weights of 
Components A and B) of at least one substantially random interpolymer 
having an I. sub. 2 of 0.1 to about 1,000 g/10 min and an M.sub.w /M.sub.n 
of from about 1 . 5 to about 20, which comprises; 

(1) from about 38 to about 65 mol % of polymer units derived from; 

(a) at least one vinyl or vinylidene aromatic monomer, or 

(b) at least one hindered aliphatic or cycloaliphatic vinyl or 
vinylidene monomer, or 

(c) a combination of at least one aromatic vinyl or vinylidene monomer 
and at least one hindered aliphatic or cycloaliphatic vinyl or 
vinylidene monomer, and 

(2) from about 35 to about 62 mol % of polymer units derived from 
ethylene and/or at least one C. sub. 3-20 a-olef in; and 

(B) from 0 to about 99 wt % (based on the combined weights of Components 
A and B) of at least one polymer other than that of Component A; and 



(C) from 0 to about 50 % by weight (based on the combined weights of 



components A, B, C and D) of at least one tackifier; and 



(D) from 0 to about 80% by weight (based on the combined weights of 
components A, B, C and D) of at least one filler. 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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A device for closing off a septal defect including a polymeric 
self -hardening material in a specific conformation which is delivered by 
a catheter device to the area of defect either directly on the cardiac 
tissue or into a balloon which spans both surfaces of the defect, and 
hardened in-situ by change in pH or ionic concentration, organic 
solvents, by permeation of a secondary material capable of 
precipitation, or by exposure to heat, light or laser energy. In blood, 
the device may be hardened through photopolymerizat ion or a cooperative 
effect of coagulation, precipitation or ionization. The device can be 
made of biodegradable material impregnated with growth factors, 
mitogenic factors or other determinants which can improve tissue growth 
such that tissue ingrowth can occur over a period of time. The catheter 
itself may be an ultrasonic imaging catheter. 
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PRIORITY APPLN. INFO. : US 2001-263986P P 20010124 

WO 2002-US2272 W 20020124 
AB Disclosed is a shape memory polymer which is a reaction product of 
styrene, a vinyl compound, a multifunctional crosslinking 
agent and an initiator. The shape memory polymer has particular 
application as a contact lens mold. A polymeric reaction mixture was 
formulated by mixing vinyl neodecanoate 7, divinylbenzene 1, and styrene 
90 % to yield a clear solution Benzoyl oxide 2 % was then added to the 
resulting solution, injected by syringe into a mold fabricated with glass 
plates separated by a spacer. The sample was then heated for curing. The 
sheet was demolded cooled to give a clear sheet of shape memory polymer. 
REFERENCE COUNT: 4 THERE ARE 4 CITED REFERENCES AVAILABLE FOR THIS 

RECORD. ALL CITATIONS AVAILABLE IN THE RE FORMAT 



L2 ANSWER 9 OF 
ACCESSION NUMBER 
DOCUMENT NUMBER: 
TITLE: 
AUTHOR (S) : 
CORPORATE 



SOURCE : 



11 CAPLUS COPYRIGHT 2004 ACS on STN 
1998:410109 CAPLUS 
129: 149410 

Shape memory polymers 
Irie, M. 

Department of Chemistry and Biochemistry, Graduate 
School of Engineering, Kyushu University, Fukuoka, 
812, Japan 

Shape Memory Materials (1998), 203-219. Editor(s): 
Otsuka, Kazuhiro; Wayman, Clarence Marvin. Cambridge 
University Press: Cambridge, UK. 
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English 

15 refs., on the composition, characteristics and properties, 
of shape memory effects of polymers. Shape recovery in 
PMMA; the thermal -responsive shape memory effect of 
polynorbornene, polyisoprene, styrene 

-butadiene copolymer, polyurethane, and polyethylene; 

the photo-responsive shape memory effect of polymers containing photochromic 
moieties, e.g., azo dyes as crosslinking agents in 

poly(Et acrylate) , leucohydroxide or leucocyanide groups in polyacrylamide 
gels, and pH sensitive polymers; and the chemo- responsive shape memory 
effect of PAN gels are discussed. 



SOURCE : 
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AB A review, with 
and mechanisms 



REFERENCE COUNT: 
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AB Thermoreversibly-crossl inked vinylarene- conjugated diene block copolymers 

whose dissociation temperature (Td) is higher than the glass transition point 

(Tg) 

of the dissociated polymers (Tg 45-140°) show good processabil ity and 

shape recovery. The title products are manufactured by molding the crossl inked 

block copolymers at temperature above Td. The molded products are formed into 

desired shape at temperature below Td, cooled to temperature below Tg, then the 

deformed products are heated to temperature between Tg and Td to recover their 

original shape. Thus, 100 parts maleated butadiene -styrene block 

copolymer (Tg 65°) and 3 parts ZnO were kneaded to give a 

crossl inked sheet (Td 8 5°) , which was molded into a cylinder at 

130° and 60 kg/cm2 for 10 min, cooled to room temperature, stretched at 

70° in H20, and cooled to room temperature to give a deformed product. 

When the product was dipped in H20 at 70° , 98% of its original 

shape was restored. 
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(Tg) 

of the dissociated polymers (Tg 70-140°) show good processability and 
shape recovery. The title products are manufactured by molding the crosslinked 
block copolymers at temperature above Tg. The molded products are transformed 
into desired shape at temperature below Tg, cooled to temperature below Td, 
then the 

deformed products are heated to temperature between Td and Tg to recover their 

original shape. Thus, 100 parts maleated butadiene-styrene block 

copolymer (Tg 98°) and 3 parts ZnO were kneaded to give a 

crosslinked sheet (Td 85°) , which was molded into a cylinder at 

120° and 60 kg/cm2 for 10 min, cooled to room temperature, stretched at 

90° in H20, and cooled to room temperature to give a deformed product. 

When the product was dipped in H20 at 90°, 94% of its original 

shape was restored. 
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L2 ANSWER 7 OF 11 US PATFULL on STN 

SUMM U.S. Pat. No. 5,192,301 discloses a deformable plug of a shape 
memory polymer of polynorbornene/ 
styrene -butadiene copolymer, polyur ethane, 



or transisoprene having a recovery temperature of 20° 

C.-70° C, and a device for closing a septal defect including the 

plug, a catheter and a guide wire. The plug has a flange on at least one 

side of the defect and is retained in the body as a "rubbery, flexible 

member" . 

DETD Other more slowly crosslinking reagents such as 

aldehydes added in excess to proteins such as collagen may be used as 
well . 

DETD The polymer may also be formed from polyisocyanates and amines or 
hydroxyl groups. Other more slowly crosslinking 
reagents such as aldehydes added in excess to proteins such as 
collagen could be used as well. 
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The closing plug and the closing plug device are used for closing a body 
defect percutaneously. During the insertion into the defect, the closing 
plug can be deformed to a smaller size to facilitate the insertion 
operation and recovered to its original larger shape after it is fitted 
to the defect, to thereby close the defect. The closing plug device 
facilitates the insertion of the closing plug into the defect. The 
closing plug has a flange or an enlarged portion at least at one end 
thereof and is made of a shape memory polymer having a shape recovery 
temperature in the range of 20° C. to 70° C. The closing 
plug device comprises a closing plug, a catheter and a guide wire or a 
pushing wire to aid in insertion of the closing plug to a defect. 

PARN This application is a continuation of application Ser. No. 07/460,273, 
filed Jan. 2, 1990, now abandoned. 



SUMM BACKGROUND OF THE INVENTION 



1. Field of the Invention 

The present invention relates to a closing plug of a defect for medical 
use which is utilized to close a defect of a somatic wall of a living 
body, that exists either congenitally or acquiredly. 

Cases of defects which require medical treatment are patent ductus 
arteriosus ( PDA) , atrial septal defect (ASD) , ventricular septal defect 
(VSD) , aneurysm, varix and so on. 

In the cases of PDA, ASD and VSD, the defects must be closed by a 
surgical operation. And in other cases, the pressure of the blood stream 
must be decreased, because the high pressure of the blood stream which 
is caused by the existence of an aneurysm or a varix causes bursting of 
the defective blood vessel. 

2 . Prior Art 

For the treatment of PDA, a thoracotomy is generally performed and the 
ductus arteriosus is ligated or cut. This operation has many problems. 
For example, it is dangerous because of the thoracotomy and the scar 
remains permanently. 

For the treatment of an aneurysm or varix, methods of bypassing or 
utilizing an artificial blood vessel are generally taken. But these 
methods have a problem, in that the danger is not small. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention to provide a 
closing plug for therapeutic use within a body duct or defect. 

The above described object can be achieved according to the present 
invention by utilizing: 

1. A closing plug which has a flange at least at one end thereof and 
which is made of a shape memory polymer having a shape recovery 
temperature in the range from 20° C. to 70° C. ; 

2. A closing plug which has two flanges, one at each end, and which is 
made of a shape memory polymer having a shape recovery temperature in 
the range of 20° C. to 70° C. ; 

3. A closing plug device which comprises: 

(A) a closing plug which is made of a shape memory polymer having a 
memory recovery temperature in the range from 20° C. to 

70° C, and which has a flange at least at one end and a narrow 
hole through which a guide wire is passed; 

(B) a guide wire which passes through the narrow hole of the closing 
plug so that said plug can slide over the wire; and 

(C) a pushing catheter which has an inner diameter smaller than that of 
the closing plug which is shape in a decreased size before the recovery 
of the original shape; and 

4. A closing plug device which comprises: 

(A) a closing plug which is made of a shape memory polymer having a 
memory recovery temperature in the range from 20° C. to 



70° C. and which has a flange at least at one end; 

(B) a catheter which has an inner diameter larger than the maximum 
diameter of the closing plug and which is shaped in a decreased size 
before the recovery of the original shape; and 

(C) a pushing wire which slides through the inside of the catheter. 
DRWD BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view of a closing plug of the invention; 

FIG. 2, FIG. 6, FIG. 8, FIG. 20 and FIG. 21 are respective side views of 
other examples of closing plugs of the invention; 

FIG. 10(a) through FIG. 15(b) are views of still other examples of 
closing plugs of the invention; 

FIG. 3, FIG. 4, FIG. 5, FIG. 7 , FIG. 9, FIG. 22 and FIG. 25 are vertical 
sectional views of still other examples of closing plugs of the 
invention; 

FIG. 16 is an elevational view showing the decreased size of the closing 
plugs of FIG. 10(a) and FIG. 11(a); 

FIGS. 17-19 are perspective views of other examples of closing plugs of 
the invention; 

FIG. 23 is an elevational view of still another example of a closing 
plug, having many holes on its surface; 

FIG. 24 is a cross -sect ional view of the closing plug of FIG. 23; 

FIG. 26, FIG. 27 and FIG. 28 are cross-sectional views of examples of 
the closing plug device of the invention, including wires and catheters; 
and 

FIG. 29 is a cross-sectional view of a part of the closing plug device 
of the invention showing the connection of a pushing wire with the 
closing plug when the closing plug is inserted. 

DETD DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

For the purpose of achieving the above-described object of the 
invention, the inventors considered that the best method of closing a 
body defect is to insert a closing plug percutaneously because it does 
not require surgical operations and intensive investigations were made 
on the method. 

A closing plug is inevitably required to have a structure and a 
dimension which is suitable for holding and fixing at the body defect 
but, in general, this kind of structure and dimension makes it difficult 
to insert the closing plug. Thus, a solution to this contradictory 
situation was required. To secure the fixing of the closing plug at the 
defect, a flange or the like must be placed at the end of the closing 
plug and it must be located on the side of higher fluid pressure. 
However, in a case like closing a body defect at an aorta and a 
pulmonary artery, the closing plug is inserted from the side of lower 
fluid pressure and the insertion of the flange is very difficult to 
perform percutaneously, because the diameter of the flange is larger 
than that of the defect. 

The inventors came to consider that the only way to solve the above 



contradictions is to use a plug of small size when it is inserted and 
which changes to a bigger size when it is fixed in a defect of the body 
part. For the purpose of achieving this, it was found to be useful that 
a plug should be made of a shape memory material . 

Among various shape memory materials, shape memory polymers are suitable 
because of their good processabil ity and good adhesion to the somatic 
wall. Thus, an intensive investigation on the utilization of shape 
memory polymers led to completion of the present invention. 

The kind of shape memory polymer is not particularly limited in the 
present invention. An example of such polymer is polynorbornene, 
styrene-butadiene copolymer, polyurethane, transpolyisoprene and the 
like. 

It is essential that the shape recovery temperature of the shape memory 

polymer utilized in the present invention is in the range from 

20° C. to 70° C, preferably in the range from 30° 

C. to 50° C, because of the relation to the body temperature. 

When the shape recovery temperature is lower than 20° C, shape 

recovery is easier to take place during the operation of insertion. And 

when the shape recovery temperature is higher than 70° C. , 

recovery of the shape at the site of closing a defect is difficult. 

In the closing plug, a shape memory polymer is molded to a shape 
suitable for closing a defect in a body part. The molded closing plug is 
then deformed to a decreased size suitable to insert easily into the 
body part above the shape recovery temperature of the polymer and is 
then cooled to fix the plug to the deformed decreased-size shape. Thus, 
the deformed closing plug is inserted to the desired location in the 
body and is then warmed to above the shape recovery temperature to 
recover the original shape suitable for closing the body defect. 

In the closing plug, the operation of the insertion plug and its 
physical properties are greatly dependent on whether the shape recovery 
temperature is higher or lower than the body temperature. So, a wide 
range of requirements which vary by the condition of the defect can be 
satisfied by choosing a suitable shape recovery temperature of the 
polymer. 

When the shape recovery temperature is lower than the body temperature, 
it is necessary to cool the closing plug during the insertion in the 
defective body part and, after fixing the closing plug at the desired 
location, the original shape of the closing plug is recovered by warming 
or by the body temperature per se . The closing plug stays in the body as 
a rubbery and flexible member. 

When the shape recovery temperature is higher than the body temperature, 
cooling during insertion is not required, but is necessary to warm it 
after the insertion at the desired location to cause it to recover the 
original shape. After the closing plug is fixed, it is cooled by the 
body temperature, loses its rubbery flexibility and is fixed to the body 
as a hard member having a high strength. 

If desired, the closing plug can contain a radiopaque material to make 
it visible to a fluoroscope or other conventional radiographic 
instrument . 

Any kind of a radiopaque material can be utilized so long as it is 
harmless and has an effect of shielding X-rays. Suitable materials are 
barius sulfate, tungsten, bismus subcarbonate and the like. 

The closing plug comprises a flange at least at one end. The flange 
prevents the closing plug from slipping through the body defect into the 



other side of the defect and prevents fluid from flowing through the 
defect again. For this reason, it is necessary that the size of the 
flange is larger than that of the body defect. 

When the closing plug has a flange only at one end, it is desirable that 
the flange is fixed at the side of the defect having higher fluid 
pressure, so that the closing plug does not fall off from the defect. 

If desired, the closing plug has two flanges having a diameter larger 
than that of the defect and holding the defect between the two flanges. 
In this case, the closing plug does not fall off from the defect even if 
the fluid pressure in the body changes. 

The flange can have any kind of shape so long as the size is larger than 
that of the body defect to be closed and the flange fits well to the 
defect. Examples of the shape of the flange are shown in FIG. 1 through 
FIG. 25. 

A closing plug having a cone shape as shown in FIG. 2 does not have 
clearly defined Separate flanges. However, the maximum diameter of the 
cone is larger and the minimum diameter of the cone is smaller than that 
of the defect to be closed. This closing plug can fit into the defect, 
and the portion of the maximum diameter acts just in the same way as a 
flange part and the closing plug can effectively close the defect. Thus, 
a cone shape is effectively utilized as the closing plug. 

If desired, the closing plug has a narrow hole through which a guide 
wire is passed. When the closing plug has a narrow through-hole, at 
first, the guide wire is inserted to the location of the defect, the 
proximal portion of the guide wire is passed through the narrow hole of 
the closing plug, then a catheter is inserted over the guide wire and 
the closing plug is pushed into the body by the tip of the catheter 
along the guide wire. Thus, the closing plug is easily carried to the 
location of the defect by utilizing the guide wire. 

In this application, the shape of the closing plug can be either 
maintained in the deformed shape or it can be recovered to the original 
shape by passing a liquid (for example, a physiological saline) at a 
controlled temperature through the catheter. 

The inner diameter of the catheter is naturally larger than the diameter 
of the guide wire and smaller than the size of the deformed closing plug 
so that the tip of the catheter can push the closing plug to the 
location of the defect. 

The closing plug having a narrow through-hole cannot close the defect 
completely because the through-hole remains open. However, the 
through-hole is so narrow that the closing plug is actually as effective 
as that without a hole. 

The closing plug device comprising the closing plug, the guide wire and 
the catheter is favorably utilized to achieve the object of the 
invention . 

In another example of the insertion of the closing plug, at first, a 
guide wire is inserted to the location of the defect, than a catheter is 
inserted to the location of the defect by utilizing the guide wire, the 
guide wire is then pulled out and the catheter is left in the body. 

The closing plug is shaped to a decreased size to pass through the 
inside of the catheter, placed into the catheter and transferred to the 
location of the defect by a pushing wire through the inside of the 
catheter. 



This method has an advantage of controlling the temperature of the 
closing plug until it reaches the defect by passing a physiological 
saline through the inside of the catheter and is especially effective 
when the shape recovery temperature is lower than the body temperature. 
The inner diameter of the catheter must be larger than the size of the 
closing plug. 

The closing plug device comprising the closing plug, the guide wire and 
the catheter is favorably utilized to achieve the object of the 
invention. 

The smaller size of the closing plug is more desirable during the 
insertion. A hollow structure is effectively utilized. 

It is desired that the closing plug can have a cut, so that the size of 
the closing plug can be further decreased. Various kinds of cuts can be 
utilized. Examples of slits are shown in FIG. 20 and FIG. 21. Smaller 
dimensions or smaller diameters can be achieved by such cuts. 

FIG. 1 shown the basic shape of the closing plug, which as two flanges, 
1, 2 of different size, being fixed at both ends of a cylindrical member 
30. 

The flanges 1, 2 of FIG. 1 are folded inward or outward so that they 
have a decreased size. After the closing plug is inserted into the 
defect (i.e., an opening in a body part, the opening having a rim or 
peripheral edge defining a boundary of the opening) , the flanges restore 
to their original shape as shown in FIG. 1, fix the closing plug to the 
defect and hold it from both sides of the wall of the body part and, at 
the same time, the passage of the fluid through the defect stops. 

Another shape of the closing plug has a narrow hole along the axis of 
the cylinder 30, and the size of the hole is wide enough to have a guide 
wire passed through and slided smoothly. A guide wire can be passed 
through the hole and the insertion can be facilitated. 

FIG. 2 shows a closing plug 4 0 having a cone shape. The size of the cone 
is designed so that the size of the defect is smaller than the maximum 
diameter portion of the cone and larger than the minimum diameter 
portion of the cone. The larger side of the cone is placed on the side 
of the defect having a higher fluid pressure, because it works just like 
a flange, closes the defect and prevents the closing plug from falling 
off from the defect. The angle at the apex of the cone can be suitably 
selected depending on the shape of the defect. In general, a sharper 
angle makes fixing to the defect easier. 

When the cone of FIG. 2 is modified to have a hollow structure 5; as 
shown in FIG. 3, the size of the closing plug 51 during the insertion 
can easily be decreased to a greater extent and the closing plug is used 
more advantageously. 

FIG. 4 shows a closing plug having a flange part 41 and an additional 
flange part 42 at the apex of the cone. The second flange part 42 at the 
apex of the cone prevents the closing plug from falling off from the 
defect during pulse variation. The closing plug of FIG. 4 also has an 
elongated hole 43 therethrough which may be passed over a guide wire as 
explained above. 

FIG. 5 shows a closing plug having a constriction 55 in the middle 
portion thereof, an asymmetrical shape to fit well to the shape of the 
defect and two holes 54 for wires along the axis so that the closing 
plug can be rotated in the defect before the recovery of the original 
shape. When a wire has two branches at the front and the branches are 
inserted into the two holes 54 of the closing plug, the closing plug can 



be rotated to a desired angle by rotating the wire. 

Additionally, the holes 54 are not perforated through the closing plug, 
so the closing plug closes the defect completely. A closing plug of this 
shape can be inserted by transferring same through the inside of the 
catheter. This method will be shown in a later-described example in more 
detail . 

FIG. 6 shows a closing plug having two flanges 61, 62 at the two ends of 
a cone 63 . 

FIG. 8 shows a closing plug having two cones at the two ends 81, 82. 
This type of the closing plug can be modified to have a hollow structure 
inside of the larger cone 91, and a smaller solid cone 92, as shown in 
FIG. 9 so that the size can be decreased more easily. 

FIGS. 10(a) and 10(b) show another basic shape of the closing plug. The 
closing plug comprises two flanges 101, 102 of the same size, connected 
at two ends of a cylinder portion 104. The two flanges are arranged 
symmetrically with respect to the middle point of the cylinder 104 and 
each flange has a shape of a cup which is turned inside out. 

A closing plug having this structure can be inserted while the flanges 
are folded as shown in FIG. 16. The flanges are recovered to the 
original shape of FIG. 10(a) when the closing plug is properly fixed to 
the defect. The flanges 101, 102 hold the defect from both sides and the 
passage of the body fluid is securely prevented. 

If desired, a closing plug of FIGS. 10(a) and 10(b) is modified to have 
a narrow hole 103 along the axis of the cylinder 104 which is wide 
enough to have a guide wire passed through smoothly. A guide wire can be 
passed through the narrow hole to facilitate the operation of the 
insertion. 

FIGS. 11(a) and 11(b) show a closing plug similar to the structure shown 
in FIGS. 10(a) and 10(b) except that the structure is not symmetrical 
and the two flanges 111, 112 on opposite sides of cylinder portion 114 
have different sizes. This type of closing plug can be effectively 
utilized to prevent the closing plug from falling off from the defect by 
a different pressure between two sides of the wall. A narrow hole 113 
can be provided to receive a guide wire. 

FIGS. 12(a) and 12(b) show a closing plug comprising two flanges 121, 
122 connected to opposite ends of a coil 124 made of a shape memory 
polymer or a shape memory alloy. Guide wire holes 123 may be provided in 
flanges 121, 122. The coil is shaped into an elongated form to suit the 
insertion to the location of the defect. When it is placed into the 
defect, the coil 124 is warmed to recover to its original shorter length 
and hold the closing plug tightly from both sides of the wall of the 
body part. A shape memory alloy is preferable because of the stronger 
recovery force. The flanges 121, 122 have a disk shape. 

FIGS. 13(a) and 13(b) show a closing plug similar to the closing plug of 
FIG. 12(a) except that the flanges 131, 132, connected between coil 134, 
are of different sizes so that falling off of the closing plug caused by 
different fluid pressure between two sides of the wall can be prevented. 
A guide wire hole 133 may be provided. 

FIGS. 14(a) and 14(b) show a closing plug similar to the closing plug of 
FIG. 12(a) except that the flanges 141, 142, connected between shape 
memory coil 144 have a shape similar to those shown in FIG. 10(a) . A 
guide wire hole 143 may be provided. 

FIGS. 15(a) and 15(b) show a closing plug similar to the closing plug of 



FIG- 14 except that the flanges 151, 152, connected between shape memory 
coil 154 are of different sizes. A guide wire hole 153 may be provided. 

If desired, a closing plug member has cuts on its surface as shown in 
FIG. 17 and 18 (cuts 175 on member 170 in FIG. 17; cuts 185 on member 
180 in FIG. 18) , in order to facilitate the insertion. A flange 180 of 
FIG. 18 can be deformed to a long tape-like shape by the effect of cuts 
185. 

If desired, a closing plug 190 has many through-holes 197 opened on its 
surface as shown in FIG. 19. As a result, the closing plug 190 can be 
deformed more easily. In addition, many through-holes 197 allow 
formation of tissue around the defect after the closing plug is fixed. 

FIG. 20 and FIG. 21 show other examples of closing plugs having cuts 
(205--FIG. 20; 215--FIG. 21) on its surface to make a decreased size or 
diameter more easily. In the closing plug of FIG. 21, the flange 201 can 
be deformed tape-like by the effect of the cuts. 

The cuts are not limited to those shown in the examples but any kind of 
cut can be utilized so as to be effective for decreasing the size or 
diameter of the closing plug. 

As shown in FIGS. 22 to 25, a closing plug having a rough surface can be 
favorably utilized for the object of the invention. Any kind of rough 
surface can be utilized so long as the roughness is effective in 
fixation. Examples of rough surface structures are a surface having 
numbers of grooves or continuous protrusions 226 perpendicular to the 
direction of the axis shown in FIG. 22, a surface having numbers of 
indentations or isolated protrusions 237 as shown in FIG . 23, a surface 
having a porous structure like a sponge 247 shown in FIG. 24, a surface 
having numbers of hairs 258 implanted on the surface thereof as shown in 
FIG. 25 and the like. Guide wire holes 223, 233, 243, 253 can be 
provided in the embodiments of FIGS . 22-25, respectively. 

If desired, the closing plug can be coated with a biocompatible 
material, particularly an antithrombogenic material. Such a closing plug 
may be coated with TEFLON, silicone, polyurethane , or an 
antithrombogenic polymer such as "cardiothane" . Otherwise, 
antithrombogenic materials such as heparin or urokinase may be combined 
on the surface of the closing plug. 

FIG. 26 shows an example of the closing plug device which comprises a 
closing plug, a pushing catheter and a guide wire for the insertion of 
the closing plug. The method utilizing the closing plug device is 
explained in detail in the following. 

In the case of the treatment of patent ductus arteriosus, at first, a 
guide wire is inserted from a femoral vein to the defect between the 
aorta and pulmonary artery. The guide wire 13 is left at the place. A 
closing plug prepared from a shape memory polymer having, for example, a 
shape recovery temperature of 40° C. is deformed to the smaller 
size 11, the guide wire 13 is pierced through a narrow hole 16 of the 
closing plug, a catheter 12 is inserted over the guide wire 13 and then, 
the closing plug 11 is inserted by being pushed by the tip 17 of the 
catheter 12 until the closing plug reaches the area of the defect. 

While the operation can be observed with a fluoroscope, the closing plug 
is inserted to the defect. Then, fitted to the defect to be closed, 
physiological saline at a temperature of 45° C. is injected to 
the catheter 12 through the inlet 15, and the flange is recovered to the 
original shape and thus the closing plug is tightly fixed to the defect 
to close it. 



The guide wire 13 is removed from the narrow hole by using the catheter 
12 the catheter 12 and the guide wire 13 are removed from the body, and 
the closing plug which has the recovered original shape is left at the 
defect in the body and thus the treatment is completed. 

The closing plug is cooled by the body temperature and becomes gradually 
a hard material which fits well to the defect. 

In the example explained here, a radiopaque material is blended with the 
shape memory polymer and a thin metallic ring 18 is positioned within 
the tip of the catheter for the purpose of observing clearly with a 
fluoroscope. The ring 18 is also useful for the purpose of reinforcement 
of the tip. 

Another example of the closing plug device as shown in FIG. 27 is 
explained in the following. In this example, at first, a guide wire 
which is not show in the figure, if necessary is inserted to the defect 
and a catheter 22 is inserted to the defect along the guide wire in the 
same way as the previous example shown in FIG. 26. The guide wire is 
then removed from the body, leaving the catheter in the blood vessel. 

Next, the tip of a pushing wire 23 is pierced through a narrow hole of 
the closing plug and the pushing wire 23 is inserted in the catheter. 

In the case of this example, the narrow hole is not required because the 
closing plug does not slide over the wire as in the case of FIG. 26. It 
is also convenient when the closing plug has two half-way holes and the 
pushing wire has two branches at the tip fitted into these two holes. 
This is because the closing plug can be rotated by rotating the guide 
wire and the closing plug can be fitted well to the defect. 

A shape memory polymer having a shape recovery temperature lower than 
the body temperature, for example 30° C. , can be utilized in this 
example. The temperature of the closing plug can be accurately 
controlled by passing physiological saline at a temperature of, for 
example, 25° C. through the catheter 22 and thus the unfavorable 
recovery of the original shape during the insertion is securely 
prevented . 

Even when the temperature of the closing plug is increased before the 
closing plug reaches the defect and the shape of the closing plug begins 
to expand, the catheter can prevent the closing plug from expanding and 
the removal of the closing plug is not so difficult. 

After the closing plug is fitted to the defect, the shape of the closing 
plug can be recovered to the original shape by stopping the injection of 
cold water through the catheter and the hole is closed. 

FIG. 28 shows an example of a closing plug device 21 1 which has no hole. 
In this example, the tip 25' of the pushing wire 23 comprises a cavity 
and the closing plug of the invention is deformed to fit in the cavity 
and be fixed to the cavity by being pushed into it. The closing plug can 
be rotated to a desired angle by this method. 

When the temperature of the closing plug is increased, the closing plug 
becomes softer and can be removed from the tip of the pushing wire while 
the closing plug recovers the original shape thereof. 

Another example of the connection between the closing plug and the tip 
of the pushing wire is shown in FIG. 29. A flange having a hollow 
structure as shown in FIG. 3 or FIG. 9 is deformed so that the flange 
can wrap around a ball shaped member 28 at the tip of the pushing wire 
23. The ball member 28 and the deformed closing plug 21" are connected 
as shown in FIG. 29. When the closing plug is allowed to recover the 



original shape of FIG. 3 or FIG. 9, the closing plug 21" is disconnected 
from the ball member 28 at the tip of the pushing wire 23. 

When the location of the defect is not far from the inserted position, 
the closing plug can be inserted and fixed by the tip of the guide wire 
as described in FIG. 28 and FIG. 2 9 without using a catheter. 

Other structures shown in FIG. 28 are similar to those shown in FIG. 27. 

The closing plugs utilized in FIG. 28 or FIG. 27 do not need any passing 
through-hole, so they can completely close the defect. 

In summary, the closing plug of the present invention is made of a shape 
memory polymer. As a result, the closing plug can be deformed during the 
insertion and can recover to its original shape when fixed in place. 
Also, the closing plug device allows the operation to be carried out 
percutaneously . Thus, it is useful in medical applications. 

CLM What is claimed is: 

1. A closing plug for closing an opening in a body part of a living 
body, said opening in said body part including one of a patent ductus 
arteriosus (PDA) , atrial septal defect (ASD) , ventricular septal defect 
(VSD) , aneurysm and varix, said opening having a rim defining a boundary 
of said opening, and said body part having an interior surface and an 
exterior surface adjacent said rim of said opening, the closing plug 
comprising: a body portion having opposite end portions; and an enlarged 
portion at each opposite end portion of said body portion, said enlarged 
portions each having a predefined size and shape which is larger than 
said opening to be closed and larger than a cross sectional size of said 
opening to be closed; and wherein at least said enlarged portions are 
made of a shape memory polymer having a shape recovery temperature in 
the range of from 20° C. to 70° C. , such that at least 

said enlarged portions are physically able to be reduced in size to a 
size to freely pass through said opening without further enlarging said 
opening, prior to introduction into said opening in the body part, and 
are able to be enlarged to their respective original predefined larger 
size and shape after insertion through said opening in said body part 
and after exposure to a temperature within said shape recovery 
temperature range so that said enlarged portions contact said interior 
surface and exterior surface, respectively, of said body part adjacent 
said rim of said opening to close said opening and to prevent said 
closing plug from coming out of said closed opening; said closing plug 
having a narrow through-hole therein, which extends between each of said 
enlarged portions and which provides effective closure of said opening 
of said body part, and through which a guide wire is passable between 
each of said enlarged portions. 

2. A closing plug as claimed in claim 1, wherein: said enlarged portions 
comprise respective flanges; said body portion comprises a narrower 
portion between said flanges; said narrower portion of the closing plug 
between said flanges is made of one of a shape memory alloy and a shape 
memory polymer, such that the length of said narrower portion is able to 
become shorter when the shape of said narrower portion is recovered 
after being subjected to the shape recovery temperature. 

3. A closing plug as claimed in claim 1, wherein the shape memory 
polymer contains a radiopaque material. 

4. A closing plug as claimed in claim 1, wherein said closing plug has a 
rough outer surface. 

5. A closing plug for closing an opening in a body part of a living body 
as claimed in claim 4, wherein the enlarged portions have a number of 
cuts therein. 



6. A closing plug as claimed in claim 1, wherein the outer surface of 
said closing plug is coated with an antithrombogenic material. 

7. A closing plug for closing an opening in a body part of a living body 
as claimed in claim 1, wherein the enlarged portions have a number of 
cuts therein. 

8. A closing plug device which comprises: (A) a closing plug for closing 
an opening in a body part of a living body, said opening in said body 
part including one of a patent ductus arteriosus (PDA) , atrial septal 
defect (ASD) , ventricular septal defect (VSD) , aneurysm and varix, said 
opening having a rim defining a boundary of said opening, and said body 
part having an interior surface and an exterior surface adjacent said 
rim of said opening, the closing plug comprising: a body portion having 
opposite end portions; and an enlarged portion at each opposite end 
portion of said body portion, said enlarged portions each having a 
predefined size and shape which is larger than said opening to be closed 
and larger than a cross sectional size of said opening to be closed; and 
wherein at least said enlarged portions are made of a shape memory 
polymer having a shape recovery temperature in the range of from 

20° C. to 70° C, such that at least said enlarged 

portions are physically able to be reduced in size to a size to freely 
pass through said opening without further enlarging said opening, prior 
to introduction into said opening in the body part, and are able to be 
enlarged to their respective original predefined larger size and shape 
after insertion through said opening in said body part and after 
exposure to a temperature within said shape recovery temperature range 
so as to contact said interior surface and said exterior surface, 
respectively, of said body part adjacent said rim of said opening to 
close said opening and to prevent said closing plug from coming out of 
said closed opening; said closing plug having a narrow through-hole 
therein, which extends between each of said enlarged portions and which 
provides effective closure of said opening of said body part, and 
through which a guide wire is passable between each of said enlarged 
portions; (B) a guide wire which passes through said narrow through-hole 
of said closing plug so that said closing plug is slidable over the 
guide wire; and (C) a pushing catheter having an inner diameter smaller 
than the outer dimension of said closing plug when said enlarged 
portions are at their respective reduced size before they are enlarged 
to their respective original predefined larger size and shape. 

9. A closing plug device as claimed in claim 8, wherein said shape 
memory polymer contains a radiopaque material. 

10. A closing plug device which comprises: (A) a closing plug for 
closing an opening in a body part of a living body, said opening in said 
body part including one of a patent ductus arteriosus (PDA) , atrial 
septal defect (ASD) , ventricular septal defect (VSD) , aneurysm and 
varix, said opening having a rim defining a boundary of said opening, 
and said body part having an interior surface and an exterior surface 
adjacent said rim of said opening, the closing plug comprising: a body 
portion having opposite end portions; and an enlarged portion at each 
opposite end portion of said body portion, said enlarged portions each 
having a predefined size and shape which is larger than said opening to 
be closed and larger than a cross sectional size of said opening to be 
closed; and wherein at least said enlarged portions are made of a shape 
memory polymer having a shape recovery temperature in the range of from 
20° C. to 70° C, such that at least said enlarged 

portions are physically able to be reduced in size to a size to freely 
pass through said opening without further enlarging said opening, prior 
to introduction into said opening in the body part, and are able to be 
enlarged to their respective original predefined larger size and shape 
after insertion through said opening in said body part and after 



exposure to a temperature within said shape recovery temperature range 
so as to contact said interior surface and said exterior surface, 
respectively, of said body part adjacent said rim of said opening to 
close said opening and to prevent said closing plug from coming out of 
said closed opening; said closing plug having a narrow through-hole 
therein, which extends between each of said enlarged portions and which 
provides effective closure of said opening of said body part, and 
through which a guide wire is passable between each of said enlarged 
portions; (B) a catheter having an inner diameter larger than the 
maximum outer dimension of said closing plug when said enlarged portions 
are at their respective reduced size, and having said reduced size 
closing plug slidably received therein; and (C) a pushing wire which is 
slidable through the inside of the catheter for pushing said closing 
plug through the interior of said catheter and through the opening in 
said body part which is to be closed by said closing plug. 

11. A closing plug device as claimed in claim 8 or 10, wherein said 
closing plug has a rough outer surface. 

12. A closing plug device as claimed in claim 8 or 10, wherein the outer 
surface of said closing plug is coated with an antithrombogenic 
material . 
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